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Abstract
The objective of this paper is to analyze the contagion in the returns on the volatilities
of the Microfinance Institutions (MFIs) that are listed on emerging stock markets
in India, Indonesia and Mexico. To do this, local benchmarking variables and the
global index –All Countries World Index (ACWI) are included in the analysis. The
methodology used is a Dynamic Conditional Correlation (DCC) multivariable GARCH
model. The empirical findings show that contagion effects only occur in periods of high
volatility. One limitation of this research is that there are still few MFIs listed in stock
markets, which does not allow for a broader study. The originality of this paper is the
analysis of contagion in the returns of MFIs listed on stock markets. It is concluded that
the performance of the analyzed MFIs is not affected by external effects of volatility,
but for its fundamental results reflected in their level of liquidity in the stock market.
JEL Classification: C01, C32, G2.
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Contagio en la volatilidad de los rendimientos de las
Instituciones Microfinancieras en los mercados
emergentes: un modelo DCC-M-GARCH
Resumen
El objetivo del presente trabajo es analizar el contagio en los rendimientos en las
volatilidades de las Instituciones Microfinancieras (IMFs) que cotizan en mercados
bursátiles emergentes en India, Indonesia y México. Para ello se incluyen en el análisis
variables benchmarck locales y el índice global –All Countries World Index (ACWI).
La metodología que se utiliza es la de un modelo multivariable GARCH de Correlación
Condicional Dinámica (DCC). Los resultados empíricos encontrados muestran que los
efectos de contagio sólo se dan en periodos de alta volatilidad. Una limitación que
presenta esta investigación es que aún son pocas las IMFs listadas en bolsas, lo que
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impide realizar un estudio más amplio. La originalidad de este trabajo es el análisis de
contagio en los rendimientos de las IMFs listadas en bolsa. Se concluye que el desem-
peño de las IMFs analizadas no se ve afectado por efectos externos de volatilidad, sino
por sus resultados fundamentales reflejados en su nivel de liquidez bursátil.
Clasificación JEL: C01, C32, G2.
Palabras claves: Instituciones microfinancieras, volatilidad de rendimientos, modelos
GARCH and M-GARCH, Correlación Dinámica Condicional (DCC).
1. Introduction
An important resurgence of Microfinance Institutions (MFIs) took place in the
70’s when initially they were constituted as non-profit NGOs2, though the first
antecedents are given since the 19th century in Europe (Germany).3 The MFIs
mainly focus on providing financial services to the population that does not
have access to conventional bank credit for lack of real collateral. MFIs face,
continuously, two main objectives: 1) achieve financial sustainability, and 2) in-
crease the number of clients. Currently, there are more than 2000 Microfinance
Institutions (MFIs) in the world, with a total of 130 million clients and a Gross
Loan Portfolio of 108 billion (USD)4.
On the other hand, the number of MFIs that are listed on stock exchanges
is still small worldwide. However, they account for 16.8% of the total number of
clients since they have a high degree of concentration –in their respective markets
where they operate. It is worth mentioning that MFIs seek in the stock market
resources more efficiently (quickly and at a lower cost). The main question that
arises is: if this objective can be achieved without being affected by the volatility
from financial crises, which may discourage other MFIs from entering the stock
market.
Due to the above concerns, Wagner and Winker (2011) and Di Della (2011)
have studied the impact of financial crisis (for example, the sub-prime crisis,
2008) on the MFIs, particularly in periods of high volatility. However, the con-
tagion in the volatility in the returns of the MFIs listed on stock markets has
not yet been studied. In this sense, the goal of this paper is to analyze how
volatility affects them. This will allows us to better understand the effects and
consequences of high levels of volatility, which could be generated via global
financial crises or high-volatility clusters. Thus, the main contribution of this
research is to analyze, under a DCC-M-GARCH framework, how the contagion
occurs in the volatilities of the returns of MFIs that are listed on stock exchanges
in different emerging economies.
2See Armendariz and Maruch (2011).
3Credit cooperatives in Germany as Schulze-Delitzsch, Raiffeisen and Haas granted loans
to low-income people who were not served by conventional banks in the 19th century. However,
in the 1970s the roots are formed in the way modern microfinance currently operates (one of
the main references is the Grameen Bank in Bangladesh), see Tusom (2015).
4Source: Microfinance Information Exchange (MIX), data to 2015.
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This paper analyzes five MFIs from three emerging economies: India, Indo-
nesia and Mexico.5 Table 1 shows the studied MFIs and their characteristics
such as number of clients, size of their portfolio and country of origin. In addi-
tion, for each MFI two reference variables are used in its corresponding stock
market, and a global reference index –All Countries World index (ACWI). Table
2 describes each of the variables used (14 in total), it is shown the corresponding
characteristics of: activity, currency in which they operate (in their respective
stock market), and the period of analysis that comprises for each one of the
MFIs, with daily frequency data.
It is important to point out that the period of analysis is not the same for all
MFIs. The reason is that, on the one hand, this research seeks to obtain as many
observations as possible with the aim of achieving more robust results and, on
the other hand, it is understandable that the periods are not homogeneous since
the MFIs began to operate in the stock market on different dates; see the last
two columns of Table 2.
Table 1. Microfinance Institutions (MFIs)
Source: Own elaboration
Table 2. Description of Variables
5For the particular case of Mexico, the MFI (Real Credit") was not considered, although
it has a greater liquidity compared with "Microfinanciera Independencia", however, its avai-
lability of data does not extend until the beginning of the analysis period.
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Source: the data was obtained from Yahoo Finance.
In what follows, a descriptive statistical analysis is carried out in Table 3,
According to the fifth column, all the returns are leptokurtic. Moreover, none of
the returns are normally distributed according to the Jarque-Bera test. In Table
4, the unit root test was performed on each variable, using the Dickey Fuller
Augmented test, under the three specifications: intercept, trend and intercept,
and none. The results show that there is no empirical evidence of an explosive
behavior in the analyzed variables.
Table 3. Descriptive statistics (in the returns of the variables)
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Some results obtained, marked with the symbol “ * “ may seem to be erroneous;
however, its result is due to values of high percentage variation of some observations,
within the period of analysis.
Source: own elaboration with data from Yahoo Finance. The results were obtained
using software EViews 7
Table 4. Results from Augmented Dickey-Fuller test
(in the returns of the variables)
Source: own elaboration with data from Yahoo Finance. The results were obtained by
using software EViews 7.
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In order to detect whether there are long-term memory effects in the returns
of each variable, Hurst exponent is calculated. The latter is a useful indicator
to examine whether returns have long-term memory –a characteristic useful to
forecast future values. It is worth mentioning that Hurst’s exponent can be equal
to 0.5 (without long-term memory), greater than 0.5 (long-term memory), and
less than 0.5 (mean reversion). It is also important to notice that long-term
memory violates the Efficient Market Hypothesis (EMH), established by Fama
(1970). Moreover, this research computes an index of stock market liquidity6
in order to find some relationship between the effects of long memory and low
stock market liquidity.
The obtained results, in relation to the Hurst exponent, show that Gentera
and BRI do not present strong empirical evidence of long-term memory in their
returns with Hurst exponents of 0.519 and 0.493, respectively.7 These results
can be seen in the fourth column (in descending order) of Table 5. With respect
to the obtained results in the liquidity index, see the sixth column (in ascending
order) of Table 5, the MFIs that appear with less liquidity are FI and BRI with
an index of 81.6 and 90.9, respectively.
Based on the previous results, there is not a pattern in the behavior between
long-term memory and low market liquidity (as would be expected at first). Ho-
wever, we can highlight the case of FI with long memory and low liquidity, 0.56,
81.6%, respectively. In contrast, Gentera shows an acceptable liquidity of 98%
and a Hurst exponent of 0.519. Notice also that BFIL_NSE and BFIL_BSE
provide empirical evidence of long memory in its returns but with high levels of
stock market liquidity –see columns fifth and seventh of Table 5.
It is important to point out that not all the MFIs analyzed have had an
acceptable long-term performance (in the period of analysis) in their accumu-
lated returns. Only Gentera and BRI had a better performance than the local
reference index in their respective markets, Mexico and Indonesia, respectively.
Table 5. Hurst exponent and liquidity index (li)
6This index shows the percentage of days with variation (in returns) within the analysis
period.
7The MFIs have been marked with the "*"symbol for easy location.
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Source: own elaboration. The results were obtained with the use of the R software,
using the "pracma"library.
Each IMF is identified with the symbol “*”.
After the descriptive exploration of the variables, this research will be struc-
tured in the following way: section 2 provides a brief description of the M-
GARCH model of Dynamic Conditional Correlation (DCC); section 3 presents
the empirical findings for each specification of the MFIs (benchmark variables
and a global index); finally, section 4 exposes the conclusion.
2. Dynamic Conditional Correlation (DCC)-M-GARCH
Recently, Bala and Takimoto (2017) analyze the effects of the dynamic correla-
tion, during periods of financial crisis, by using a DCC-M-GARCH econometric
approach. These authors found that the dispersion of volatilities among deve-
loped markets is greater than in emerging markets. Previously, Mollah et al.
(2014) study 63 countries during the period of the global financial crisis. These
authors find –through the use of DCC– that contagion of volatility occurs in
46 out of 63 countries that is, in 73% of the analyzed countries. Although the
previous studies allow us to see some results related to the DCC-M-GARCH
methodology in assessing the effects of contagion within emerging and develo-
ped markets, there is no recent literature that focuses on volatility contagion of
returns of the MFIs listed on the stock market.8
On the other hand, Visconti (2009) argues that MFIs are affected in diffe-
rent ways, depending on the country in which they operate and the degree to
which these countries are integrated into the global economy. In addition, the
author points out that MFIs operating in developing countries are less affected
by financial crises due to close ties and constant monitoring of their clients.
Moreover, Krauss and Walter (2008) applied a panel data approach (with fixed
8See also, Rodríguez and Huerga (2012), these authors study MFIs that are listed on the
stock exchange with a methodology focuses mainly on a descriptive approach.
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effects) in order to examine whether MFIs are a good option to reduce the volati-
lity of an investment portfolio since their clients are mostly micro-entrepreneurs.
In this regard, it is important to consider that the main disadvantage that MFIs
face is that their clients do not have real guarantees. However, they do have the
advantage of being able to maintain a continuous monitoring of their clients,
which allows having a better quality in the portfolio of microcredits granted.
2.1 Generalized Autoregressive Conditional Heteroscedastic model
In this subsection, we state the GARCH (p,q) model and highlight its main
properties. The model is given by the following equation:
h2t = ω +
∑q
i=1 αiε
2
t−i +
∑p
j=1 βjh
2
t−j (1)
Where each h2t is obtained in a recursive way by taking an initial value of
the variance at time t = 0, with a backcast methodology:
h20 = 
2
0 = λ
T hˆ2t=0 + (1− λ)
∑T
j=0 λ
T−j−1 (2T−j) (2)
In order to find the optimal vector θ ∈ (ω, α1, . . . , αq, β1, . . . , βp) of the
parameters defined in equation (1), the most used algorithm of optimization is
that from BHHH (Berndt, Hall, Hall and Hausman, Berndt et al.,1974), which
maximizes a likelihood function, as in equation (3).9 The iterative optimization
method from BHHH for each step is given by:
θ(i+1) = θ(i) + E
(
∂2L
(i)
T
∂θ∂θ′
)−1
∂L
(i)
T
∂θ (3)
Where the likelihood function to be maximized, assuming a normal distri-
bution for the error term, satisfies:10
Lt = − 12 log (2pi)− 12 log
(
h2t
)− 12 (εt)2h2t (4)
On the other hand, by considering a system of n variables, we can express
the error term as:
εt|Φt−1 ∼ N (0, DtRtDt) (5)
εt = µt (θ) + t. (6)
The error term vector is then modeled as follows:
εt = H
1
2
t (θ) zt. (7)
Here H
1
2
t (θ) is a positive definite matrix of order n× n ; and represents the
conditional variance of εt.
9A more detailed description of other iterative methods of optimization can be found in
Kelley (1999).
10It is possible to assume a t-Student distribution or a Generalized Error Distribution
(GED), see Nelson (1991).
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2.2 Dynamic Conditional Correlation
When studying volatility of diverse variables, the analysis is usually performed
with a single equation of the GARCH family.11 However, in order to explore
how volatility jointly affects the MFIs’ returns, we use a Dynamic Conditional
Correlation (DCC) methodology that allows us to evaluate the impact on their
performance (in terms of contagion). This research will now examine the re-
lationship that exists between the conditional correlations and the conditional
variances of the returns of the stock prices of the MFIs under study.12
In this work, we focus on the methodology proposed by Engle (2002). Other
authors as Bauwens et al. (2003), Wang and Tsay (2013), and Ling and McA-
leer (2003) propose other extensions of the multivariate-GARCH model with
a system of non-related variables. Initially the BEKK model (a Multi-Variable
GARCH model) was introduced under a bivariate representation by Engle and
Kroner (1995). Under this framework, a generalized multivariate ARCH model
can be stated as follows:
Ht = C
′
0C0 +
∑K
k=1
∑q
i=1A
′
ikεt−iε
′
t−iAik +
∑K
k=1
∑q
i=1G
′
ikHt−iGik (8)
Recently, Bauwens et al. (2012) have replaced the BEKK model by other
specifications, a DCC model. In this case, it is possible to specify the model
(in two steps) in order to obtain a covariance matrix. In this regard, two main
dynamic coefficients of correlation were discussed by Engle (2002). On one hand,
one of them is the rolling correlation estimator for returns with mean zero, which
is defined by:
ρˆ12,t =
∑t−1
s=t−n−1 r1,sr2,s√
(
∑t−1
s=t−n−1 r
2
1,s)(
∑t−1
s=t−n−1 r
2
2,s)
(9)
On the other hand, the coefficient of correlation of exponential smoothing is
defined as:
ρˆ12,t =
∑t−1
s=1 λ
t−j−1r1,sr2,s√
(
∑t−1
s=1 λ
t−j−1r21,s)(
∑t−1
s=1 λ
t−j−1r22,s)
(10)
The DCC is defined from the covariance matrix Ht, as follows:13
Ht = E [t
′
t|It−1] (11)
The matrix Ht can be decomposed, from the following expression:
Ht = DtRtDt (12)
Dt = diag
(
h
1/2
iit · · ·h1/2NNt
)
(13)
11This kind of modeling was initially introduced by Engle (1982), and lately it was genera-
lized by Bollerslev (1986) and Engle (2001).
12See Engle (2002).
13Right after the introduction of the DCC model by Engle (2002), several drawbacks concer-
ning with it were detected, in particular it does not have “moments”. Also, it does not maintain
testable stability and regularity conditions, and the estimators in “two steps” are inconsistent.
Finally, DCC has no asymptotic desirable properties (Caporin and McAleer, 2013).
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In this way, it is possible to obtain the dynamic conditional correlation(Rt)
from expression (12). The M-variable likelihood maximization can be applied in
two steps by GMM optimization (Newey and MacFaden, 1994) according to the
optimization methodology proposed by Engle (2002); assuming normally distri-
buted errors as in equations (15) and (16). Hence, the two-step optimization
method expressed in aggregated form is:
L (θ, φ) = LV (θ) + LC (θ, φ) (14)
The first step considers the following objective function:
LV (θ) = − 12
∑
t (nlog(2pi) + log |Dt|2 + r′tD−2t rt) (15)
In the second step, we have
LC (θ, φ) = − 12
∑
t (log |Rt|+ ′tR−1t t − ′tt) (16)
3. Empirical result
3.1 MFIs systems
We present now the results obtained with a system of non-related variables for
each MFI (with benchmark variables) for every stock market analyzed. The
selection of the GARCH model and the error specification, to obtain the DCCs
in each market, are chosen according to the less explosive parameters, see Table
6. The estimations are shown in Table 7. Subsequently, we present the DCCs
for each MFIs and their benchmark variables, see Figures 4 and 5. Finally, in
Table 7 we calculate the arithmetic and geometric maens for each estimated
DCC considering the period of analysis.
Table 6. Model GARCH family (specifications)
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Note: criteria selection is according to the less explosive parameters.
The results were obtained by using the R software, "fGARCH"library.
Table 7 shows the estimated coefficients for each MFI and its benchmark
variables (based on the criteria in Table 6). The obtained results show that
the specification in each equation successfully captures the estimated variances
with persistence in both series ε2it−1and h2it−1, respectively. However, in the case
of the parameters ωi, some specifications of the GARCH models capture that
persistence in a smaller proportion; see columns (1)-(5) in Table 6. It can also
be observed (in the same table) that for the estimated ωi in the columns (1)
and (2) it is not possible to obtain a long-term variance.
Table 7. Econometric results (MFIs and Benchmarks)
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Parameters are significant at: 5% p-value (*) and 10% p-value (**), respectively.
Source: own elaboration. The results were obtained with the use of the R software,
using the libraries: “rugarch” and “rmgarch”.
Figure 1. Dynamic Conditional Correlations (MFIs: Gentera, FI, and BFILNSE)
Source: own elaboration with the use of the R software.
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Figure 2. Dynamic Conditional Correlations (MFIs: BFILBSE, BRI)
Source: own elaboration with the use of the R software.
It can be also observed in Figures 1 and 2 that it is not possible to appreciate
a pattern (or contagion) common in the DCCs in each system of the MFIs. In
other words, the particular specifications for each model of the GARCH family,
according to the criteria in Table 5, do not capture a common contagion in
the volatilities for each MFI. Contagion in volatilities can only be seen in some
peaks with high volatility clusters, but not within the entire analysis period.
Furthermore, we can see, in Table 8, that the arithmetic and geometric means
do not show common patterns in the behavior of the DCCs in the analyzed
stock markets.
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Table 8. Means of Dynamic Conditional Correlations (DCCs)
Source: own elaboration with the use of the R software.
3.2 MFIs systems considering ACWI
In order to analyze the contagion (emphasizing in the analysis of external sources
of contagion) in the volatilities of the returns of the MFIs that are listed in the
stock market, we use a global reference index, particularly the All CountryWorld
Index (ACWI). The latter captures the sources of capital return for 23 emerging
markets and 23 developed markets. In the same order of ideas, we can observe,
in Table 8, the results obtained with respect to h2it for each equation. These
results show that the series ε2it−1 and h2it−1 acceptably capture persistence in
volatilities. However, for the case of the ωi parameters in some of the estimated
GARCH family models, especially model (3) of Table 8, the results suggest that
it is not possible to obtain a long-term variance. It is important to notice that in
the estimated models, in columns (1), (2), (4) and (5) of Table 9, the long-term
variances can be partially obtained.
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Table 9. Econometric results including ACWI (MFIs and Benchmarks)
Parameters are significant at: 5% p-value (*) and 10% p-value (**), respectively.
Source: own elaboration. The results were obtained with the use of the R software,
using the libraries: “rugarch” and “rmgarch”.
Finally, we can see in Figures 3 and 4, considering the global index (ACWI)
as a point of reference, that it is not possible to observe a common pattern (in
terms of contagion) in the DCC for each MFI system. It is worth mentioning
that the previous results are similar to those obtained in the preceding section.
In this way, the DCC obtained under the specification of the GARCH models do
not capture a common contagion in the volatilities of the returns for each MFI.
Basically, contagion in volatilities can only be seen in periods of high volatility.
Complementing the previous results, it can be observed, in Table 9, that the
arithmetic and geometric means do not have common patterns among the DCC
of the studied markets.
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Figure 3. Dynamic Conditional Correlations with ACWI
(MFIs: Gentera, FI, and BFILNSE)
Source: own elaboration with the use of the R software.
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Figure 4. Dynamic Conditional Correlations with ACWI
(MFIs: BFILBSE,BRI)
Source: own elaboration with the use of the R software.
Table 10. Dynamic Conditional Correlations (DCC)
Source: own elaboration with the use of the R software.
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4. Conclusions
This research has shown that there is not a pattern between long-term memory
and liquidity in the studied MFIs. According to the analysis carried out on the
DCC-M-GARCH approach, the effects of contagion (in MFIs returns) only occur
in periods of high volatility when considering local benchmark variables. Mo-
reover, when considering the global index All Countries World Index (ACWI),
the results confirm the empirical evidence.
As a recommendation arising from the empirical findings, the MFIs that ob-
tain resources via the stock market should operate with efficient methodologies
in the selection of clients, which will impact in their level of liquidity in the
stock market. It is also recommended for investors, both institutional and in-
dividual, consider MFIs in their investment portfolios in stability periods given
that contagion only occurs in periods of high volatility.
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